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SUMImRY 

An inves t iga t ion  was conducted i n  t h e  Langley 8-foot t,ransonic 
tunnel  t o  determine t h e  dynamic and s t a t i c  s t a b i l i t y  c h a r a c t e r i s t i c s  
of t h e  nark-6, Mark-4, TX-4, TX-13, and Mark-5 s p e c i a l  weapons and the  
e f f e c t s  of modifications the re to  i n  the  Mach number range from 0.70 t o  
1.10. The Reynolds numbers f o r  t hese  tests var ied  from approximately 
2.17 x 106 t o  2.5 x 106. 
of these  conf igwa t ions  a complete ana lys i s  of t h e  s t a b i l i t y  character-  
i s t i c s  has  not  been made. 

Because of the  highly spec ia l i zed  nature  

I n  a l l  cases inves t iga ted  the  Nark-6 displayed a region of dynamic 
i n s t a b i l i t y  i n  the  lkch  number range between about 0.84 t o  0.86 and 
0.32 t o  0.94 and a small region of low-amplitude s t a t i c  i n s t a b i l i t y  
near  a Mach number of 0.97. 
pension lugs ,  o r  fin-mounted fan  ducts  t o  t h e  Mark-6 r e s u l t e d  i n  no 
appreciable  change i n  the  s t ab i l i t y  c h a r a c t e r i s t i c s .  Reducing the  
Reynolds number of the Phrk-G from 2.5 x 106 t o  2.15 x lo6 lowered 
the  Pkch numbers a t  which sudden changes i n  dynamic s t a b i l i t y  occurred 
b u t  had no appreciable  effect  on s t a t i c  s t a b i l i t y .  
of t h e  cen te r  of grav i ty  red-deed the d y r a ~ L c  s t a b i l i t y  and increased 
t h e  reg ion  of dynamic i n s t a b i l i t y .  
a small decrease i n  the Mach number range of dynamic i n s t a b i i i t y  b u t  
t h i s  decrease was accompani'ed by an  increased region of s t a t i c  i n s t a -  
b i l i t y  near  a !lath nurber nf 1.Q. 

The addi t ion  of a r t i f i c i a l  roughness, sus- 

A rearward movement 

The use of ko-2O0 f i n s  r e s u l t e d  i n  

The Mark-4 configurat ion exhibi ted an  increase i n  dynamic s t a b i l i t y  
a t  low i%ch numbers over t h a t  of t h e  bkrk-6 and a reduct ion a t  higher  Mach 
numbers, with the  region of dynamic i n s t a b i l i t y  occurr ing a t  higher  h c h  
numbers. 
that f o r  the  Mark-6 a t  Mach nwfuers below 0.95 ,  above which t h e  reverse 

The s ta t ic  s t a b i l i t y  fo r  the  Mark-4 was genera l ly  lower than  

was t r u e .  
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The TX-4 configuration exhibited no unstable characteristics, either 
dynamic or static, throughout the Mach number range of this investigatian. 

In all cases the TX-13B' exhibited a region of static instability 
in the Mach number range from about 0.95 to 0.99 .  
of-gravity location resulted in no discernible change in this phenomena. 
The region of static instability was not exhibited by the TX-l3C although 
a general decrease in dynamic stability vas noted at the higher k c h  
numbers with a small region of neutral stability occurring near a Mach 
number of 0.92. 

Changes in center- 

The Mark-:, configuration exhibited no unstable characteristics, 
either dynamic or static, throughout the Mach number range of the tests. 
Rapid variations of dynamic stability with bch number were noted in 
the range of Mach numbers from about 0.85 to 1.0. 

While certain effects of Reynolds number were noted, these and 
other similar investigations have indicated the existence of Reynolds 
number effects which are not clearly defined by the presently available 
information. Until such time as these effects are defined, care should 
be exercised in the extrapolation of wind-tunnel results to full-scale 
conditions. 

In general the configurations which exhibited the more desirable 
performance characteristics were those which were less subject to a 
highly complex or separated flow. 
ditions would therefore be expected to have an advantageous effect on 
the stability performance of these bodies. 

Improvements in the local flow con- 

INTRODUCTION 

In the foreseeable future aircraft w i l l  become operational which 
are capable of releasing special weapons from altitudes above fifty 
thousand feet at high subsonic Mach numbers. Under these release con- 
ditions the weapons w i l l  attain supersonic speeds during their descent. 
Available wind-tunnel data concerning the longitudinal stability char- 
acteristics of these specialized shapes has been limited to sldbsonic 
k c h  numbers below 0.97 and at a supersonic Mach number of 1.2. The 
need for deterxdring the longitudird stability characteristics of 
these weapons in the Mach number range near the speed of sound was 
apparent. 

. In accordance with the request of the A- '=ion and 
in cooperation with the Sandia Corporation in the development of satis- 
factory store configurations, tests were conducted in the Langley 8-foot 
transonic tunnel of the Mark-6, Mark-4, TX-4, TX-13, and Mark-? special 
weapons. The investigation covered the Mach number range from 0.7 to 
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approximately 1.10. 
special weapons program and to the relatively limited amount of infor- 
mation obtained from this investigation, any complete evaluation of 
these weapons is beyond the scope of this paper. 

Due to the highly specialized natwe of the 
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SYMBOLS 

free-stream Mach number 

free-stream velocity, ft/sec 

free-stream density, slugs/cu ft 

maximum body diameter, ft 

body frontal area, sq ft 

Reynolds number, based on d 

transverse moment of inertia of the body about its center 
of gravity, slug-ft2 

time to damp to half amplitude for a decaying motion, sec 

time to increase to double amplitude for a divergent 
motion, sec 

period of oscillation, sec 

angle of attacl:, radians or degrees 

pitching velocity, radians/sec 

effective rate of change of pitching-moment-curve slope 

with reduced pitching velocity, - &m 

effective rate of change of pitching-moment-curve slope 

with reduced rate of change of angle of attack, - a m  

Cm + rotational damping coefficient, per radian 
9 

static-longitudinal-s tabili ty parameter, &m/&,, per degree c% - 



. 

4 

. 
? 

NACA RM SL53GOgc 

MODEL UESCRrPTION 

"he models tested in this investigation and provided by the Sandia 
Corporation consisted of five primary configurations designated as the 
Mark-6, Mark-4, rX-4, TX-13, and Mark-5. Drawings of these configura- 
tions are presented in figure 1. The bodies of these basic configura- 
tions were obtained through combinations of three forebody and three 
afterbody shapes and by addition to the noses and afterbodies of spoiler 
bands, suspension lugs, and a cylindrical extension at the body midsection. 

The models were constructed principally of magnesium and utilized 
cmclform, wedge-type stabilizing fins attached to the afterbody section 
at an angle of 45' from the vertical plane. 
the bodies were 6.5 and 7.5 inches and represented the full-size missiles 
to 0.1083 and 0.1250 scales, respectively. 
and M4rk-5 designs, the fineness ratio of all the models was about 2.1. 
The fineness ratios for the Tx-13 configurations, in which a 0.284d cylin- 
drical midbody extension was used, and for the ?.lark-5 were, respectively, 
about 2.4 and 2.9.  

The maximum diameters of 

With exceptions of the m-13 

A nomenclature of the model components has been previously devised 
and is used herein. Each model configuration is denoted by a series of 
letters, each letter being assigned to a component part or characteris- 
tic of the model assembly. 
senting a full-scale dimension or is descriptive of the full-scale 
counterpart, and a superscript referring to a model dimension. The 
following table lists the model components and their designations: 

The letter is followed by a subscript repre- 

&5 Mark-4 nose, maximum diameter 6.5 in. (model scale) 

N{i5 Mark-4 nose, maximum diameter 7.5 in. 

N7.5 elliptical nose, maximum diameter 7.5 in. 50 

Mark-5 nose, maxim diameter 6.3 in. @ 

cylindrical extension at the body midsection - 1-7 inches 
long, f'u11- s cale *17 

B40 Mark-4 af terbody 

Bm-4 basic TX-4 afterbody 
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basic Mark-5 afterbody 

center-of-gravity position, the subscript representing the 
full-scale distance from the nose flat to the center of 
gravity 

artificial roughness. Superscripts refer to roughness on 
nose, N ,  and on fins, F. Subscript refers to tyye of 
roughness - No. 280-mesh carborundum grit. 

krk-6 spoiler-band arrangement 

TX-l3B ' spoiler-band arrangement 

Standard fkrlr-4, 5°-250 double-wedge fin 

fill-length fin-fan duct on a shortened F5-25 fin. The 
superscripts (i .e., 1-3) refer to the fin position where 
ducts were mounted 

Standard Mark-4, 4°-200 double-wedge fin 

TX-4, 12' single-wedge fin 

Standard &!ark-5, 16O-0~ slab-sided fin 

Standard 14ar1:-5, fin tab 

suspension lug, superscripts denoting lug positions 

A prefix number with fin designations refers to the number of a given 
type used. If prefix is omitted, four fins of the same type were 
installed. 

The above system has been utilized to index in table I the combina- 
tions of forebodies, afterbodies, and accessories used to obtain the 
p r i m r y  and modified test configurations. 
Mark-6 and the TX-13B' were tested as both 7.5- and 6.5-inch maximum- 
diameter bodies. Coordinates for the forebody and afterbody shapes are 
given in table 11. 

It should be noted that the 

The wedge-type stabilizing fins (fig. 2) were of magnesium with 
the exception of the 4O-20' double-wedge fins (fig. 2(d)), which were 
of brass. The simulated ducted windmill generator or fin fan duct 
(fig. 2 ( c ) )  wits adapted to a shortened 5O-25O double-wedge fin, the 
short  fin keeping the installation within the limits of the maximum 
"uody diameter. 
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Spoiler bands and suspension bgs, shown in figure 3, were of steel 
and were screw-fastened to the body surfaces. Artificial roughness strips 
of No. 280-mesh carborundum grit were applied to the noses and fins with 
a commercial plastic spray. 

A cut-away drawing of a typical model installation on the dynamic 
sting assembly is given in figure 4. 
were screw-fastened to the yoke of the Q x d c  rig and vere staticalu 
balanced about the model pitch axis by means of lead or brass counter- 
weights. Changes in center-of-gravity location were made by shifting 
the model longitudinally on the yoke. 
controlled by the hydraulic pistons in which a fluid pressure of about 
600 pounds per square inch was used. 
determined from the output of the strain-gage beam. 

The nose and afterbody sections 

The models were actuated and 

The attitude of the model was 

TESTS AND METHODS 

Wind tunnel.- This investigation was conducted in the Langley 
&foot transonic tunnel which has a dodecagonal, slotted test section 
and permits continuous testing up to a Mach number of approximately 1.10 
for these models. Details of the test section are reported in refer- 
ence 1. 
wherein it is shown that the flow angularity in the test section is 
about 0.1' upflow and the maximum deviation from the indicated free- 
stream k c h  number is *0.003. For this investigation the indicated 
order of magnitude of the stream fluctuation was approximately KI.3'. 

Aerodynamic properties of the airstream are given in reference 2 

A sketch of the general arrangement of a typical sting-mounted model 
configuration in the test section is given in figure 5 and photographic 
views of typical models are shown in figure 6. 
nose of the model was located in the test section approximately 80 inches 
downstream of the slot origin as shown in figure 5. 
rigidity was obtained through the use of four 1/16-inch-diameter steel 
guy wires also shown in the figure. 

For all the tests, the 

Additional sting 

m e  in-restigation was zor;ducted tkwagh thz bkch rmkr range 
from 0.7 to approximately 1.10. 
in figure 7, was from 2.15 x lo6 to 2.5 X 10 
the model used. 

The Reynolds number variation, presented 
6 depending on the size of 

The natural frequency of the system, with the sting support secured 
by guy wires was approximately 22 cycles per second. This value is 
considerably in excess of the model frequencies. Stresses at the inter- 
section of the cylindrical and conical portions of the sting support 
were monitored continuously by means of electrical strain gages attached 
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at this point. 
deflection of the support system under all loading conditions encountered 
during the investigation. 

The results of this monitoring indicated a negligible 

Considerable foreign matter carried by the airstream resulted in 
rather severe pitting of the model forebodies which were constructed of 
an extremely soft material. 
sons between the smooth inodels and the models with artificial roughness 
applied may be somewhat questionable. 

A s  a consequence the validity of compari- 

At each test point where dynamic stability existed the model was 
deflected from a trim position to an angle of attack of approximately 4' 
and locked in this deflected position. 
allowed to oscillate with one degree of freedom. In cases where dynamic 
instability existed the divergent motion was obtained by releasing the 
bra!re mechanism and allowing the model to oscillate. Three successive 
records of the model motion were obtained on each of two recording 
instruments. 
eter and the other a direct inking oscillograph. 

The model was then released and 

One instrument was a photographically recording galvanom- 

Flow visualization in the vicinity of the models was obtained by 
the use of standard schlieren photographs and high-speed (930 frames 
per second) schlieren motion pictures. 

All pressure data relative to the prevailing ambient test conditions 
were photographically recorded from multiple-tube manometers and tunnel 
total temperatures were obtained from a recording potentiometer. 

mDUCTION OF DATA 

Reduction of the data to determine the rotational damping coeffi- 
cient, C, + Cm&, and the static longitudinal stability parameter, C%, 
was carried out according to the methods presented in reference 3, in 

9 

which the following relationships 

-(cmg + C%) 

were shown to exist: 
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The time t o  darrrp t o  one-half amplitude, T1l2, or t he  time t o  double 
amplitude, 
a t  each t e s t  po in t  by averaging three successive osci l lograph records 
from the  recording galvanometer. 
diverging motion occurs,  only a few ind ica t ive  poin ts  have been reduced, 
pr imari iy  because of a l ack  of an accurate  method of determining whether 
t h e  model w a s  o s c i l l a t i n g  f r e e l y  or s t r i k i n g  t h e  brake as it was re t r ac t ed .  
The model moments of i n e r t i a ,  given i n  t a b l e  I ,  were determined through 
t h e  use of a ca l ibra ted ,  t o r s i o n a l  Fendulum. S t a t i c  pos i t i on  ca l ibra-  
t i ons  t o  determine t h e  va r i a t ion  of the  s t ra in-gage output with angle of  
attac!: were made a t  f requent  i n t e rva l s .  The v a r i a t i o n  of Sage output 
with angle  of a t t a c k  was considered s u f f i c i e n t l y  l i n e a r  t o  permit t h e  
construct ion of  the damping envelopes d i r e c t l y  from the  osci l lograph 
records.  

T2, and the  per iod of the model motion, P, were evaluated 

I n  the  Mach number regions where a 

I n  the  i n t e r e s t s  of consistency, s ince  the  damping rate was nonl inear  
with amplitude, the  damping envelopes were constructed with the amplitude 
f o r  t he  i n i t i a l  time as near *bo as poss ib le .  Since the  o s c i l l a t o r y  
motion of these models was mechanically r e s t r i c t e d  t o  approximately &bo, 
it should be noted that motions which appear as dynamic i n s t a b i l i t y  f o r  
these tests could conceivably represent a condition of n e u t r a l  s t a b i l i t y  
of amplitude s l i g h t l y  g rea t e r  than *bo. 

ACCURACY OF DATA 

The l a r g e s t  e r r o r  involved i n  the computation of Cm + C% was t h e  
9 

non-repeatabi l i ty  of the  damping envelopes f o r  the  th ree  successive 
records.  Maxim devia t ions  from the mean value of t h e  time t o  damp t o  
one-half ampiitude were found t o  vary f'rom about 0 t o  50 percent even i n  
apparent ly  s t a b l e  Mach number regions.  I n  those cases where the devia- 
t i o n s  from the  mean were l a rge  and the average value of 
quest ionable ,  t h e  d a t a  were correlated with those obtained from the 
d i rec t - in ldng  osc i l lograph .  A t yp ica l  comparison of the data obtained 
from each of t h e  two types of recorders i s  shown i n  f i g u r e  8. 
seen t h a t  while the  agreement between the  two i n s t m e n t s  is genera l ly  
eccd, a l ack  of r e p e a t a b i l i t y  i n  the damping phenomena would introduce 
random discrepancies  i n  t h e  computed value of (Cmq + c ~ ) ,  e spec ia l ly  

i n  regions of r ap id ly  changing s t a b i l i t y .  
b i l i t y  of the  damping envelopes, t he  absolu te  values of 

T1/2 w a s  

It i s  

. 
In  v3ew of t he  poor repeata-  

c 
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may be questionable, but at the same time, the use of an average value 
of the time to damp should permit reasonably accurate performance com- 
parisons to be made between the various model configurations. 
also be noted that these discrepancies in 
character of the results. 

It should 
caused no change in the Tl/2 

The derived value of Cma, primarily dependent on the accuracy of 
measurement of model frequency, is considered to be within kO.002. 
Excellent repeatability of the static stability data was shown for all 
the modzls throughout the test b c h  number range. 
be noted that the value of 
integrated average value measured between the oscillatory limits of the 
model (&to) and is correct or incorrect to the extent that the actual 
slope of the moment curve in this angle-of-attack range is or is not 
linear. 

However, it should 

C% as used herein is effectively an 

The results of wind-off model oscillations indicated that the 
magnitude of the strain-gage-beam resistance greatly exceeded that of 
the bearing frictional forces. Bearing friction, tending to improve 
damping characteristics, should vary with tunnel conditions; whereas 
the strain-gage-beam resistance, affecting both damping and static 
pitching moment through its own structural damping, should remain 
essentially constant. 
effect of this combination of forces on model damping, the rotational 
damping coefficient was calculated for several tunnel conditions and 
model configurations by using the time to damp determined from wind-off 
conditions. It was concluded from this approximate analysis that the 
effect of frictional forces on damping was negligible and that the 
strain-gage-beam restoring moment affected the magnitude of 

only minutely, about 5 percent in the most extreme case. 

A s  a first approximation to the magnitude of the 

RESULTS AND DISCUSSION 

The results of this investigation are presented as the variation of 

Cma 

the dynamic stability coefficient 
s ta5ility pal-mleter 
and for each modification thereto. 
shotm at selccted test k c h  zabers for both the pz%a.ry and modified 
model configurations. 

C% + CG and the static longitudinal 
-citii ivhcii r i w i u e r  for each primary configuration 

In addition schlieren photographs are 

Mark-6.- The dynamic and static stability characteristics of the 
Mark-6 and the effects of modifications thereto are shown in figures 9 
to 15. The variations of C + C% and (3% with Mach number, while “s 
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shswlng e f f e c t s  of m d i f i c a t i o n s  t o  the primry configurat ion,  d id  r?ot 
appreciably change i n  character .  

A sudden t rend toward dynamic i n s t a b i l i t y  occurs a t  a Mach number 
of about 0.84 with t h e  configuration becoming unstable  a t  a Mach number 
of about 0.86. Above a Mach number of about 0.92 dynamic s t a b i l i t y  w a s  
res tored  and increased rap id ly  t o  a Mach number of about 0.99 where a 
second des t ab i l i z ing  break occurred. 
above a hlach number of 1.0 t o  a value similar i n  magnitude t o  that 
shown f o r  t he  low Mach numbers. 

There i s  a level ing-off  tendency 

The va r i a t ion  of the s t a t i c  s t a b i l i t y  parameter, C%, i s  general ly  
the  inverse of that shown f o r  dynamic  s t a b i l i t y .  
increase  i n  s t a t i c  s t a b i l i t y  above a Mach number of about 0.87, a 
sudden decrease above a Mach number of 0.90, with a small region of 
low amplitude (f1.7O) s t a t i c  i n s t a b i l i t y  occurring near  a Mach number 
o f  0.97 followed by a general  leveling-off tendency a t  Mach numbers 
g rea t e r  than 0.97. 
of  0.95 have indicated a nonlinear pitching-moment curve with a region 
of s t a t i c  i n s t a b i l i t y  appearing near an angle of a t t a c k  of zero.  This 
region of s t a t i c  i n s t a b i l i t y  f i r s t  appears near a Mach number of 0.92 
and increases  i n  magnitude as the  Mach number increases .  

There i s  a r ap id  

S t a t i c  t e s t s  of t h i s  configurat ion t o  a Mach number 

The e f f e c t s  of s p o i l e r  bands together with the  growth and movement 
of the body shock waves on l o c a l  flow pa t t e rns  can be seen from t h e  
t y p i c a l  sch l ie ren  photographs of f igure  g ( c ) .  The complex nature of 
the flow over these  bodies makes the  der iva t ion  of an i n t e l l i g e n t  con- 
cept  of  flow analysis t h a t  would concur with va r i a t ions  i n  s t a b i l i t y  
extremely d i f f i c u l t .  

A t  a Mach number of 0.8 the  supersonic flow f i e l d  over t h e  model 
nose and t h e  accompanying d iscont inui t ies  from t h e  s p o i l e r  bands are 
shown t o  have terminated i n  a s t rong normal shock w i t h  a high degree 
of turbulence or separated flow behind the  spo i l e r s  and shock pa t t e rns .  
Apparently, i n i t i a l  separat ion occurs through the foo t  of a smaller 
shock forming j u s t  ahead of the forward spo i l e r  band. 
number i s  increased t h e  terminal shock moves downstream with increasingly 
adverse e f f ec t s  on the  flow over the  afterbody. These adverse e f f e c t s  
are assoc ia ted  with tiie loss of dynaiic s t a b i l i t y  i n  the  Mach nmber  
region 0.84 t o  0.92. 

A s  t he  Mach 

A s  shown i n  l a t e r  photographs, t h i s  shock reaches t h e  f i n  leading 
edge a t  a Mach number of about 0.94. 
i s  shown t o  be increasingly disturbed up t o  a Mach number of about 0.93, 
while a t  higher Mach numbers this f l o w  apparent ly  begins t o  r ea t t ach  t o  
the  body sur face .  
t he  Mach number range from 0.94 t o  0.99 are assoc ia ted  with the passage 
of t he  normal shock across  the  f i n s .  The movement of t h i s  shock t o  t h e  

The flow from the  s p o i l e r  bands 

The rap id  var ia t ions  i n  dynamic s t a b i l i t y  shown i n  
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trailing edge of the model is reflected by the general leveling-off of 
stability at Mach numbers greater than 1.0. 

Previous investigations of these special shapes have indicated that 
Reynolds number has an effect on the dynamic stability characteristics 
of these bodies. 
ber, all configurations with the one exception shown in figure 9 have 
been tested with artificial roughness on the nose and tail sectioiis as 
shown in figure 1. 
evaluated by conducting tests with and without the roughness present 
and the results are shown in figure 9. No discernible effect on either 
dynamic or static stability was noted, indicating that transition 
occurred on the nose at a point less than 0.704 to 0.900 inch from the 
nose flat. A s  previously stated, severe pitting of the models by 
stream suspended particles might tend to mask any effects of this 
artificial roughness. These results are not construed to indicate that 
the confipation was insensitive to Reynolds number but that the flow 
was controlled primarily by the body contour and spoiler bands which 
gave the described stability characteristics. 

In an attempt to increase the effective Reynolds num- 

The effects of this artificial roughness were 

In a f’urther attempt to evaluate the effects of Reynolds number on 
the Mark-’5, models of two different sizes were tested. This induced a 
change in Reynolds number from about 2.15 x 106 to 2.5 x 106. While 
the effects of changing Reynolds number are maslred somewhat by scatter 
in the data and the fact that comparable data are available only in a 
region of rapid variation of dynamic stability with Mach number, reducing 
the Reynolds number appears to lower the Mach numbers at which sudden 
changes occur by approximately 0.013, as shown in figure 10. The static 
stability characteristics of the thrk-6 indicated no appreciable varia- 
tion with changing Reynolds nurn’uer. 

Presented in reference 4 are comparison data for wind-tunnel and 
full-scale models of the ?,lark-6. These data, while not conclusive, 
indicate that care should be exercised in the extrapolation of data 
obtained at the relatively low Reynolds numbers of wind-tunnel tests 
to full-scale Reynolds numbers. Results presently available do not 
clearly define the effects of Reynolds number on models of this type. 

An investigation was made to determine the effects of center-of- 
The gravity movement on the stability characteristics of the Mark-6. 

results are presented in f i p e  11. A s  the center of gravity was 
rnoved rearward 9.2  inches (full scale) there was a definiLe irerid 
toward a lower level of dynamic stability. 
dynamic instability was increased by approximately 0.02. This increase 
in the Mach number range where dynamic instability exists appears to 
result from a displacement ofthe curve rather than a change in character. 
The charices in static stability resulting from movement of the center of 
[;ravity were as expected, although calculations could not be made f o r  a 
disturbed flow of this nature. 

The blach number region of 
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To evaluate the effects of sus7ension lugs mounted in the pitch 
plane on the stability characteristics of the Mark-6 tests were con- 
ducted with a single lug at model station 2 and a double lug arrangement 
at model stations 1 and 3 (see fig. 3). The results of these tests are 
presented in figure 12. While certain differences in magnitude of the 
stability parameters exist for the various lug positions, no consistent 
trends can be detected. The schlieren photographs of figure 12(c) show 

patterns. From these photographs, the greatest disturbance of the local 
bounhry layer was apparently caused by the most forward lug (position 1, 
fig. 3), since the lugs in positions 2 and 3 were in a highly turbulent 
or separated flow region induced by the spoiler bands. 
disturbances from these lugs would necessarily be highly localized and 
would probably affect the stability characteristics of the model only 
through small changes in ihe angle of t r i m .  Trim changes of the order 
of 0.8' were observed for the model with lugs at positions 1 and 3. 

b 

4- &e effects of the lugs and their various positions on the local flow 

However, the 

Tests were conducted to determine the effects of using a 4O-20' fin 
(see fig. 2(d)) in place of the 5O-25' fin. The results, presented in 
figure 13, indicated that while a small decrease in the b c h  number 
region of dynamic instability was achieved by this change, a reduction 
in static stability occurred through the Mach number range above 0.85 
with static instability occurring in the Pbch number range from 0.97 
to 1.02. In the Mach number reZion near 1.0 the model attempted to - 

trim at an angle of attack exceeding the limits of the test apparatus 
c (+4O). 

Results of an investigation to determine the effects on stability of . the addition of two diametrically opposed, fin-mounted, fan ducts (see 
fig. 2(c)) are presented in figure 14. 
appreciable change in either dynamic o r  static stability due to the 
addition of the fan ducts. The slight tendency toward higher dynamic 
stability for the ducted configuration is considered to be within the 
scatter of the data since the comparison is made in a region of rapid 
variation with &ch number. 

These results indicate no 

An examination of the schlieren photographs for the ducted configu- 
ration would indicate a slight increase in stability due to the stronger 
shock induced by the ducts. 
alterations to the brk-6, no large differences were noted in the flow 
characteristics indicating that no large changes in stability should be 
expected. Tne decrease in effec Live f i n  area accompanj-lnG the iristalla- 
tion of the ducts probably reduced any benefit thus obtained. 

As was the case for the previously discussed 

. In figure 15 are shown the results of the addition of fan ducts as 
well as a change in Reynolds number. When compared with the results 
shown in figure lO(a) it can be seen that the changes evident in this 
fizire are predominantly caused by Reynolds number. 

L 

The effect of 
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. increasing Reynolds number is to shift the region of rapid changes in 
dynamic stability to higher Mach numbers. It is noted that the differ- 
ence between the two curves is increased up to a k c h  number of about 0.98 
and is reduced above this point. It should also be noted that changing 
Reynolds number does not affect the character of the curves indicating 
that the effects of Reynolds number are of a secondary nature. 
the effects of the ducts are maslred by the larger Reynolds number effects 
it is indicated that the presence of the ducts saiises a slight iiicrease 
in the level of dynamic stability. 

* 

While 

:lark-4.- The results of an investigation to determine the dynamic 

This configuration is identical to the Mark-6 
and static stability characteristics of the krk-4 configuration are 
presented in figure 16. 
in body and fin contour but does not utilize spoiler bands. 
of these spoiler bands are shown by the comparison of the lilark-4 and 
:&rk-5 confizurations . 

The effects 

Removal of the spoiler bands results in an increase in dynamic sta- 
bility at low bkch numbers and a reduction at the higher blach numbers. 
The range in which dynamic instability exists occurs at higher blach 
numbers. 
lower than that for the Mark-6 at blach numbers below about 0.95, above 
which t h e  reverse is true. 

The static stability of the Nark-4 appears to be generally 

An examination of high-speed schlieren motion pictures indicates 

stabilize the shoc'L patterns while on the !43r1:-4 a large fore and aft 
shift of the strong normal shoc'. is seen to occur as the model oscillates. 
The tendence previously noted of the separated flow over the rear portion 
of the Thrk-6 to reattach at the higher Mach numbers is apparently 
counteracted by this fore and aft movement of the shock pattern on the 
Nark-4. 

c that at the higher bkch numbers the spoiler bands of the Mark-5 tend to 

- TX-4.- Presented in figpre 17 are the results of an investigation 
of the TX-4 confisration. 
teristics, either dynamic or static, for this configuration throughout 
the Mach number range of these tests. 
stability OS the TX-4 compares favorably with that of the ikrk-6 while 
the level of static stability is Kenerally lower. The schlieren photo- 
graphs indicated that for this configuration there was a sharp reduction 
in the boundary-layer thickness on the nose and separated flow regions. 

These results indicated no unstable charac- 

The magnitude of the dynamic 

TX-13.- Tests were conducted to determine the dynamic and static 
0 stability characteristics of two TX-l3 models. These configurations 

were the TX-lJB' and the TX-13C. 
different center-of-gravity locations. 

The TX-13B' was tested with three 
Figures 18 and 19 present the - results of this investigation. 



....... ............... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  ........................ 

. 

14 

In all cases the T!X-l3B' exhibited a region of static instability 
in the Mach number range from about 0.95 to 0.99. 
of-gravity position of 11 inches (full scale) resulted in no discernible 
change in this region of static instability. 

Changes In the center- 

There appears to be no definite trend in dynamic stability resulting 
from changes in center of gravity although it should be noted that tests 
of the configuration wit'n the rearmost center-of-gravity position were 
conducted at a higher Reynolds number. As previously indicated, Reynolds 
number appears to have little effect on static stability. 

Removal of the spoiler bands and a modification to the nose shape 
(TX- l3C)  eliminated the region of static instability, but this change 
was accompanied by a general decrease in dynamic stability at the higher 
bkch numbers with a small region of neutral stability (amplitude -&2.5O) 
being noted near a Mach number of 0.92.  
increase in dynamic stability accompanied the removal of the spoiler 
bands as was the case with the previously discussed Mark-4. 

At the lower Mach numbers an 

An examination of the schlieren photographs of the 'IX-13B' and the 
TX-l3C (fig. lg(c)) indicate that near a Mach number of 0.92 the TX-13B' 
exhibits a large region of highly turbulent or separated flow in con- 
trast to the TX-l3C. A more rapid rearward movement of the main body 
shock with increases in Mach number is noted for the TX-l3C. 

Mark-5 .- The Mark-? configuration exhibited no unstable character- 
istics, either dynamic or static, throughout the Mach number range of 
the investigation as shown in figure 20. 
was generally higher than for the other configurations tested but this 
model exhibited rapid variations with Mach number in the range of Mach 
numbers from about 0.85 to 1.0. 
number regions was somewhat higher than for the other configurations 
tested but was of the same order of magnitude above a Mach number of 1.0. 

The level of dynamic stability 

The static stability in the low bch 

The .%rk-5 tended to trim at an angle of attack of about 2' between 
the bch numbers of 0.99 and 1.03. 
with the suspension lug used since the lug was mounted on the body at 90' 
from the pitch plane. 

This tendency cannot be associated 

The schlieren photographs indicate that the flow over the Mark-5 
configuration is in general improved over the bodies previously con- 
sidered. Since the characteristics of these configurations are inr"1uericed 
primarily by this flow it is apparent that bodies of higher fineness ratio 
should lead to more desirable characteristics. 
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I. 

From an investigation of the dynamic and static stability charac- 
teristics of the Mark-6, Mark-4, TX-4, nC-13, and Mark-5 special weapons 
in the k c h  number range from 0.70 to 1.10, the following observations 
are made: 

blark-6.- In all cases investigated the krk-6 displayed a region of 
dynamic instability in the Mach number range between 0.84 to 0.86 and 
0.92  to 0.94, with performance above and below this region being generally 
satisfactory. A small region of low amplitude static instability was 
indicated near a Mach number of 0.97. 

The addition of artificial roughness to the nose and fins of the 
Mark-6 showed no discernible effect on either the dynamic or static 
characteristics. 

Tests of the Mark-6 at two different Reynolds numbers indicated 
that a reduction in Reynolds number would lower the Mach number at 
which sudden changes in dynamic stability occur by approximately 0.017 
but would have little effect on static stability. 

A rearward movement of the center of gravity of the Mark-6 resulted 
in a lower level of dynamic stability with the Ihch number region of 
dynamic instability being increased by about 0.02. c 

The addition of a single or double lug suspension arrangement to 
the ?.lar1~-6 caused no appreciable change in the stability characteristics. 
A small change in trim angle (less than 1') was indicated to result 
from the double lug arrangement. 

The use of 4°-200 fins on the Mark-6 resulted in a small decrease 
in the Mach number range of dynamic instability but was accompanied by 
an increased region of static instability near a bkch number of 1.0. 

The addition of two diametrically opposed, fin-mounted, fan ducts 
to the blark-6 resulted in no appreciable change in stability although 
o ~ l i n h f  u L A b , l L b  tcr,dcnzy toward higher dynamic stability was noted. 

1.la1-k-4.- The %rk-4 configuration exhibited an increase in dynamic 
stability at low Mach numbers over that of the Mark-6 and a reduction 
at the higher Mach numbers with the region of dynamic instability 

was Generally lower than that for the Mark-6 at Mach numbers below 0.95 
above which the reverse was true. 

. occurring at higher blach numbers. The static stability of the Mark-4 
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either dynamic or static, throughout the Mach number range of this 
investigation. 
ably with that of the Mark-6 while the level of static stability was 
generally lower. 

The magnitude of the dynamic stability compared favor- 
c 

TX-13.- In all cases the m-13B' exhibited a region of static 
instability in the Mach number range from about 0.95 to 0.99. A change 
in center-of-gravity location corresponding to 11 inches f u l l  scale 
resulted in no discernible change in this region of static instability. 

"he TX-l3C exhibited no region of static instability such as that 
noted for the TX-13B'. 
dynamic stability at the higher Ibch numbers with a small region of 
neutral stability of f2.3' amplitude being noted near a Mach number 

The TX-13C indicated a general decrease in 

of 0.92. 

Mark-5.- The Mark-5 configuration exhibited no unstable character- 
istics, either dynamic or static, throughout the Mach number range 
investigated. The level of dynamic stability was generally higher than 
for the other configurations tested but exhibited rapid variations with 
Mach number in the range of k c h  numbers from about 0.85 to 1.0. 

Reynolds number effects.- The results of this and other investiga- 
tions have indicated that Reynolds number my have an effect on the 

tion the effects of Reynolds number change were to alter the Mach number 
at which sudden changes in dynamic stability occurred while the character 
of the dynamic performance remained essentially the same indicating that 
Reynolds number is probably of a secondary nature. Sufficient informa- 
tion is not presently available to predict the exact nature of these 
effects and until such time as this information becomes available, care 
should be exercised in the extrapolation of wind-tunnel results to 
full-scale conditions. 

dynamic performance of configurations of this type. For this investiga- 

General.- The configurations which exhibited the more desirable 
performance characteristics were in general those which were less 
subject to a highly complex or separated flow. Improvements in the 



l o c a l  flow conditions would therefore  be expected t o  have a n  advantageous 
e f f e c t  on the  s t a b i l i t y  performance of these bodies.  
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F i w r e  1.- Details of the model configurations tested. A l l  dimensions 
are in inches. 
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Figure 6.- Photographic views of models mounted i n  the  t e s t  sec t ion .  
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Figure 8.- Comparison of results obtained from the  two instruments used 
in the investigation. 
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(a) ~ y n a m i c  stability. - 
Figure 9.- The dynamic and static stability characteristics of the Mark-6 

configuration and the effects of the addition of artificial roughness. 
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(a) Dynamic stability. 

Figure 10.- The effects of Reynolds number on the stability characteristics 
of the k r k - 6 .  
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(a) Dynamic stability. 

F i v e  11.- The effects of changes in center-of-gravity location on the 
stability characteristics of the hrk-6. 
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(b) S t a t i c  s t a b i l i t y .  

Figure 11. - Concluded. 
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(a) Dynamic stability. 

Figure 12.- The effects of the addition of suspension lugs on the stability 
characteristics of the Mark-6. 
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(5) Static stability. 

Figure 12. - Continued. 
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Figure 12.- Concluded. RDP N0.251 
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(a) Dynamic stability. 
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Figure 13.- The effects of the use of 4 -20' fins on the stability 
characteristics of the Mark-6. 
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( b )  Static stability. 

Figure 13. - Concluded. 
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(a) Dynamic stability. 

Figure 14.- The effects of the addition of fin-mounted fan ducts on the 
stability characteristics of the Mark-6. 
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(b) Static stability. 

Figure 14.- Continued. 
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( c )  Schlieren photographs. 

Figure 14.- Concluded. RDP No252 
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(a) Dynamic stability. 

Figure 15.- The effects of the addition of fin-mounted fan ducts and a 
change in Reynolds number on the stability characteristics of the 
Mark-6. 
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Figure 15.- Concluded. 
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(a) Dynamic stability. 

Figure 16.- The stability characteristics of the Mark-4 configuration. 
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( c )  Schlieren photographs. 

Figure 17.- Concluded. R LIP N 0.25 3 
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(a) Dynamic stability. 

Figure 18.- The stability characteristics of the TX-l3B' and the effects 
of changes in center-of-gravity location. 
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(b) Static stability. 

Figure 18. - Concluded. 
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(a) Dynamic stability. 

Figure 19.- The stability characteristics of the TX-l3B' and the ' IX-13C 
configurations. 
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(b) S t a t i c  s t a b i l i t y .  

Figure 19.- Continued. 
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Figure 19.- Concluded. RD? No.2 54 
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